Investigation of bioactive compounds from various avocado varieties (Persea americana Miller)
determined using a Minolta CR-10 colorimeter (Konica Minolta Sensing Onc., Dsaka, Japan) (Mardigan et al., 2014) . The fruits weight was determined by analytical balance and the width and length were measured using a digital calipers (Mardigan et al., 2014) . The pH value was determined by potentiometric pH measurement (Hanna Onstruments, pH 300 model, Otaly) (method ADAC 945.27) (Latimer, 2016) .
Fatty acids composition
For fatty acids composition analysis, the total lipids were converted into methyl esters (FAME), according to Hartman & Lago (1973) , modified by Maia & Rodriguez-Amaya (1993) . The FAME were separated using a gas chromatograph, (Thermo, Trace GC Ultra, Otaly), equipped with a flame ionization detector and CP-7420 fused silica capillary column (100 m × 0.25 mm × 0.25 µm, cyanopropyl). The gas flow rates were 1.2 mL/min for the carrier gas (H 2 ), 30 mL/min for the make-up gas (N 2 ) and 35 and 350 mL/min for H 2 and synthetic air, respectively, for the detector flame.
The sample injection volume was 2 µL, using a sample split ratio of 1:80. The injector and detector temperatures were 240 °C. The column temperature was initially set at 165 °C for 7 min, followed by a heating rate of 4 °C/min, until reaching 185 °C, where it remained for 3 min, then heated at 6 °C/min until the column reached 235 °C, where it was maintained for 1.67 min. The FAME were identified by their retention time using Sigma standards 189-19 (USA). The fatty acids were quantified according to Joseph & Ackman (1992) , using methyl tricosanoate (23:0, Sigma, EUA) as the internal standard.
Antioxidant capacity assays

Extract preparation
The extraction process involved the dissolution of 5 g of avocado pulp in 15 mL of methanol, under stirring, for 5 min. The solution was filtered using a Buckner funnel and then stored in an amber flask (Mardigan et al., 2014) .
DPPH assay (2,2 Diphenyl-1-picrylhydrazyl)
For the DPPH assay, 25 µL of the extract was added to a test tube with 2 mL of DPPH solution. After 30 min of reaction time, the absorbance was measured using a UV-vis spectrophotometer (Thermo Scientific, Genesys 10 UV, USA), at 517 nm (Ma et al., 2011) . The calibration curve was established using Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), as standard where the concentration of the curve was between 200-300 mmol Trolox/L. The results were expressed as µmol Trolox equivalents (TE)/g of fresh mass.
ABTS assay (2, 
)
The ABTS assay was performed by combining 30 µL of each sample, respectively, to a test tube with 3 mL of ABTS solution. After 6 min, the absorbance was read at 734 nm (Thermo Scientific, Genesys 10 UV, USA) (Rufino et al., 2007) . The calibration curve was constructed using Trolox, curve concentrations were between 600 -3000 mmol Trolox/L. The results were expressed as µmol TE/g of fresh mass.
FRAP assay Ferric reducing antioxidant power
The FRAP assay involved adding 100 µL of the sample in a test tube with 300 µL of distilled water and 3 mL of FRAP reagent (2,4,6-tri(2-pyridyl)-1,3,5-triazine). After 30 min of reaction time, the solution absorbance was read at 593 nm (Thermo Scientific, Genesys 10 UV, USA) (Rufino et al., 2006) . Trolox was used to construct the calibration curve, where the concentration was between 80 -550 mmol Trolox/L. The results were expressed as µmol TE/g of fresh mass.
ORAC assay (Oxygen Radical Absorbance Capacity)
Antioxidant capacity analysis by the DRAC assay, was performed according to Zulueta et al. (2009) . A stock solution of fluorescein (1.03 mmol/L) prepared in phosphate buffer solution (K 2 HPD 4 and KH 2 PD 4 , 75 mmol/L, pH 7.00), was used to obtain the working solution. The sample extracts were respectively diluted in a phosphate buffer solution with pH 7.0 and a concentration of 0.075 mol L -1 and then 25 μL aliquots were transferred to microplate wells. Subsequently, 150 μL of fluorescein were added and after 5 min of reaction time, at 37 °C, 25 μL of 2,2'-azobis-(2-methylpropionamidine) dihydrochloride (AAPH) was added. The absorbance readings were then started.
The blank was prepared in a similar manner, however, 25 μL of phosphate buffer solution was added instead of the sample extract. Fluorescence was monitored using an excitation wavelength of 485 nm and an emission wavelength of 535 nm. Trolox solutions were used to construct the calibration curve, in a concentration that was between 200 -1000 μmol Trolox/L. The results were expressed as μmol TE/g of fresh mass.
ORAC assay Lipophilic (L)
For this assay, 25 mg of each oil sample was solubilized in 1.5 mL of acetone and 4.5 mL of 7% randomly methylated β-cyclodextrin (RMCD) solution (50% acetone: 50% water, v/v). The extracts were diluted with 7% RMCD in acetone/water (50:50, v/v), until they reached a concentration appropriate to be within the concentration range of the standard curve. The 7% RMCD solution was used as a blank and to dissolve the Trolox. The L-DRAC assay was performed at 37 °C on a Victor MT X4 spectrofluorimeter (PerkinElmer, USA), using 96-well black microplates, and the excitation/emission measurement was made from the top of the plate. The final L-DRAC value was calculated using a linear regression model between Trolox concentration (µmol/L) and the area under the decreasing curve of fluorescein, according to Prior et al. (2003) .
Carotenoids
The carotenoids were extracted from 0.20 g of lyophilized sample with 10 mL of a hexane-acetone mixture (6:4 v/v), under stirring for 1 min. The tubes were incubated for 9 min, centrifuged and then, immediately, the absorbance was measured at 450 nm (Thermo Scientific, Genesys 10 UV, USA). A calibration curve was obtained using β-carotene as the standard. The results were expressed as mg of β-carotene/100 g of sample (Neves et al., 2015) .
Mineral contents
The samples were digested by carbonization in a muffle at 550 °C for 6 h. Then, 10 mL of 5% nitric acid was added to the sample, and the mixture was heated until complete dissolution of the ashes, followed by filtration. After the sample had reached room temperature, the solution was transferred to a 25-mL volumetric flask and the volume was quenched with deionized water (method ADAC 941.12) (Latimer, 2016) .
The minerals iron (Fe), calcium (Ca) and manganese (Mn), were determined in an AA 240FS flame atomic absorption spectrophotometer (Varian, Australia). Sodium (Na) was determined by atomic emission spectrometry. Hollow cathode lamps were used. The current was set, according to the manufacturer's recommendations.
For the calibration curves, individual reference solutions containing 1000 mg/L of each element were used (Specsol, Brazil). For the different points of the calibration curve, the solutions were prepared by successive dilutions, from a mixed solution of 100 mg/L prepared from the original solutions.
The Schinkel solution, composed of 10 g/L CsCl and 100 g/L LaCl (Fluka, Germany), was added to all reference solutions and samples at a final concentration of 0.5% (v/v). The analytical procedures followed the protocols established by the American Public Health Association (2005).
Statistical analyses
All analyses were performed in quadruplicate. The results obtained in the experiment were submitted to analysis of variance (ANDVA) and the means were compared using Tukey's test (p˂0.05). All the statistic procedures were performed in the SAS program, version 9.0 (SAS Onstitute, Onc. Cary, NC).
Results and discussion
Proximal composition and physical-chemical parameters
The proximal composition (Table 1) of the pulps revealed a high moisture content, followed by a high total lipids content, particularly highlighting Quintal variety. Tango et al. (2004) studied Quintal variety and found a similar total lipid content of 14.7%. Massafera et al. (2010) studied the Duro Verde variety and obtained 16.4% for total lipids, which was higher than that found in the current study. The Margarida variety presented the lowest value for total lipids, which was significantly different when compared with other varieties. According to Daiuto et al. (2010) , there is a negative correlation between moisture and lipids because the high moisture content in fresh pulp constitutes an obstacle to obtaining lipid.
The fiber content contributes to the nutritional value of the food. Salgado et al. (2008b) found 4.58% fiber for the Margarida variety. This result was similar to that found in the current study. Daiuto et al. (2014) , studying Hass variety, found a lower fiber content than in this work, of 3.81%.
Analyzing the results, it is possible to verify that the protein values corroborated the literature (Universidade Estadual de Campinas, 2011), particularly for Margarida variety. Salgado et al. (2008a) studied Hass variety, to enrich rat's diets and found lower protein results compared to this work (1.2 g). The protein content found in Margarida was similar to that found by Salgado et al. (2008b) of 2.5 g, who studied the application of this variety as a raw material in the food industry. Table 2 shows the results of the physical-chemical parameters, which included the color, diameter and mass of the fruit.
According to Vieites et al. (2012) , a* indicates the red/green intensity (+ red/-green). Among the five varieties, only the Breda variety had a greater presence of green pigment in the pulp. The b* parameter indicates the blue/yellow intensity (-blue/+ yellow). A significant difference in the b* value was observed among the varieties and Choquette had the greatest concentration of yellow pigment in the pulp.
Duro Verde and Quintal varieties presented the greatest longitudinal diameters (Table 2) . Similar results were found by Dliveira et al. (2013) The values for pH were within the values quoted in the literature. Concerning soluble solids, Quintal variety had a relatively lower value than Choquette. Santos et al. (2015) found similar values of pH and soluble solids for the Manteiga variety (pH 6.19 and 9.32 °Brix). Vinha et al. (2013) reported 6.68 °Brix for the total soluble solids of Hass variety, in agreement with the current study. Table 3 shows that avocado oil mainly contains monounsaturated fatty acids (60%), followed by saturated fatty acids (29%) and a significant amount of polyunsaturated fatty acids (11%). The monounsaturated fatty acids level mainly reflects the oleic acid (18:1 n-9) content, which is the major acid in avocado oil of all varieties. The Choquette and Quintal varieties had significant 18:1n-9 contents. Tango et al. (2004) found similar amounts of oleic acid in the Fuerte (61%) and Hass (47%). varieties. Ferrari (2015) also found similar values (49%) of oleic acid for the Hass variety. The amount of oleic acid found in this research (51%) was comparable to that found for commercial avocado oils studied by Berasategi et al. (2012) and Moreno et al. (2003) .
Fatty acids composition
The polyunsaturated fatty acids content was less than 18%. This value can be considered good for the stability of the oil because the double bonds in fatty acids are susceptible to oxidation. Among the five varieties studied, Duro Verde presented the highest value of polyunsaturated fatty acids (17%, and the Quintal presented the lowest value (11%). On this study, the Duro Verde variety was highlighted for its high content of linoleic acid (16%). Massafera et al. (2010) also studied this variety and found 22% linoleic acid. Salas et al. (2000) described avocado mesocarp oil with linoleic acid contents varying from 10 to 14%.
According to Salgado et al. (2008b) , the fatty acid composition of avocado oil confirms the possibility of using it as a substitute for olive oil or as a raw material by the food industry, due to its physicochemical similarity and taste.
Antioxidant capacity
The antioxidant capacity reflects the efficacy of the natural antioxidants to protect the vegetal product against oxidative damages and loss of commercial and nutritional value. On general, the cultivars analyzed, presented similar results for the antioxidant assays (Figure 1 ).
Regarding the DPPH antioxidant capacity, the Breda variety had the highest capacity (1.11 μmol TE/g). These results are similar to that found by Wang et al. (2010) , for the Hass variety (1.3 μmol TE/g). Quintal variety had the greatest ABTS + radical scavenging capacity assay (41%). Villa-Rodríguez et al. (2011) , studied the Hass variety produced in all four seasons of the year and found higher values compared to this study.
Breda variety possessed the highest FRAP antioxidant capacity (145%), whereas Duro Verde variety exhibited the highest DRAC value (23%). Besides total DRAC, L-DRAC assay was also performed, to verify the amount of antioxidant 
Carotenoids
The carotenoid content in fruits and vegetables depends on several factors, such as genetic variety, maturation stage, post-harvest storage and preparation (Capecka et al., 2005) . Some studies have shown that avocado presents carotenoids and lipophilic compounds with benefits to health (Ding et al., 2007) . On this study, the highest levels of carotenoids were found in the Duro Verde variety. Vinha et al. (2013) studied some parts of Hass avocado cultivated in the region of Portugal and found similar results for the pulp (0.810 mg β-carotene/100 g of sample). Lu et al. (2005) found 0.600 mg β-carotene/100 g of the pulp of Hass variety. Wang et al. (2010) studied the peel, core and pulp of seven varieties of avocado cultivated in California, and the highest β-carotene content found was 0.770 mg/100 g of the pulp. The results found in this study (Table 4) , corroborate the literature data. Table 5 shows the mineral composition of the five varieties, considering values of iron, calcium, manganese and sodium. Calcium was the major macronutrient in all the varieties, and the Quintal variety presented the highest value. Salgado et al. (2008a) found lower results for this mineral (0.35 mg/100 g).
Mineral contents
Regarding micronutrients, higher contents were found for iron. Salgado et al. (2008a) found similar results for this mineral in the Hass variety (19.7 mg/100 g).
Conclusion
All the avocado varieties analyzed in this study presented fibers, lipids, proteins, carotenoids and minerals, and the oleic acid was the major lipid component for all the samples. The fruits presented significant values for L-DRAC, DPPH, FRAP, ABTS and DRAC assays and can be considered sources of antioxidant compounds. Concerning these analyses, Margarida and Quintal varieties could be highlighted due to their greater values among the varieties studied. 
